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Introduction
LTE Rel-13 introduced improved support for machine-type communications (MTC) in the form of bandwidth-reduced low-complexity (BL) UEs and coverage enhanced (CE) UEs.
RAN#72 approved a new Rel-14 WI on Further Enhanced MTC [1] where one of the objectives is to specify the following improvements for higher data rate support for machine-type communications for BL/CE UEs:
· Specify HARQ-ACK bundling in CE mode A in HD-FDD
· Larger maximum TBS
· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios
· Up to 10 DL HARQ processes in CE mode A in FD-FDD

RAN1 discussed higher data rate for MTC in RAN1#86 and the agreements were captured in an LS to RAN2 [2].

[bookmark: _Ref178064866]In this contribution the impact of the higher data rate objective is evaluated further from a RAN2 perspective.
UE radio access capabilities
UE category M1 (Cat-M1) introduced in Rel-13 has a maximum DL/UL channel bandwidth of 6 PRBs, as opposed to earlier LTE UE categories which have a maximum channel bandwidth spanning the entire LTE system bandwidth. The maximum transport block size (TBS) is also limited to 1000 bits for DL/UL unicast transmissions as well as for DL broadcast transmissions for system information, etc.
To support new use cases requiring higher data rate, it was agreed in RAN1#86 [2] to increase the maximum PDSCH/PUSCH channel bandwidth in connected mode to 5 MHz for Rel-14 BL UEs and 5 or 20 MHz for Rel-14 non-BL UEs. It was also agreed to increase the max TBS for DL/UL unicast transmissions to at least 2984 bits for UEs supporting the larger PDSCH/PUSCH channel bandwidth.
It is expected that a new UE category (“Cat-M2”) is introduced for Rel-14 BL UEs supporting the larger PUSCH/PDSCH channel bandwidth and max TBS.
[bookmark: _Toc462660644][bookmark: _Toc462668012][bookmark: _Toc462668414][bookmark: _Toc462668767][bookmark: _Toc463021162][bookmark: _Toc463021181]It is expected that a new UE category (“Cat-M2”) is introduced for Rel-14 BL UEs supporting the larger PUSCH/PDSCH channel bandwidth and max TBS.
RAN1 has also agreed to increase the maximum UL TBS to 2984 bits for a Rel-14 TDD/HD-FDD UE with 6 PRB channel bandwidth. This may require that a new UE category is defined similar to Cat-M1 but with the maximum UL TBS set to 2984 bits.
[bookmark: _Toc462668013][bookmark: _Toc462668415][bookmark: _Toc462668768][bookmark: _Toc463021163][bookmark: _Toc463021182]A new UE category may need to be defined for TDD/HD-FDD UEs with 6-PRB max channel bandwidth but with maximum UL TBS set to 2984 bits.
The other enhancements mentioned in the WI objective are increased number of HARQ processes for full duplex FDD (FD-FDD) UEs and HARQ-ACK bundling for half-duplex FDD (HD-FDD) UEs. These two features can either be included in the new “Cat-M2” UE category or specified as separate capabilities.
[bookmark: _Toc462660645][bookmark: _Toc462668014][bookmark: _Toc462668416][bookmark: _Toc462668769][bookmark: _Toc463021164][bookmark: _Toc463021183]Support for 10 DL HARQ processes for FD-FDD UEs and HARQ-ACK bundling for HD-FDD UEs can either be included in the new “Cat-M2” UE category or specified as separate capabilities.
It would be beneficial if 10 DL HARQ processes and HARQ-ACK bundling can also be supported for UEs that only support the 6-PRB max channel bandwidth of Cat-M1. However, this has still not been agreed in RAN1.
[bookmark: _Toc462668015][bookmark: _Toc462668417][bookmark: _Toc462668770][bookmark: _Toc463021165][bookmark: _Toc463021184]RAN1 has not yet agreed whether support for 10 DL HARQ processes and HARQ-ACK bundling is introduced only for UEs supporting the new larger PDSCH/PUSCH channel bandwidth or also for UEs with 6-PRB channel bandwidth.
The typical way of working is that new UE categories and capabilities are defined at the end of a work item when you have the full picture of a solution and its different features. This approach should be followed also here.
[bookmark: _Toc462660650][bookmark: _Toc462668020][bookmark: _Toc462668422][bookmark: _Toc462668775][bookmark: _Toc463021170][bookmark: _Toc463021189]Wait till RAN1 has progressed further before deciding on which UE categories and capabilities to introduce.
Activation of higher data rate by eNB
In RAN1#86 it was agreed that wider bandwidth operation is enabled by the eNB [2]. However, before any of the higher data rate features (increased bandwidth and TBS, 10 DL HARQ processes, and HARQ-ACK bundling) can be enabled the eNB must have received the UE capabilities.  Until this information is received the eNB considers the UE to be a Cat-M1 UE.
[bookmark: _Toc462660646][bookmark: _Toc462668016][bookmark: _Toc462668418][bookmark: _Toc462668771][bookmark: _Toc463021166][bookmark: _Toc463021185]Until the UE capabilities are known the eNB considers the UE to be a Cat-M1 UE.
The UE capability information is stored in the MME and transferred to the eNB after RRC connection establishment when the S1 connection is established. Alternatively, if RRC connection suspend/resume is used the UE capability information is stored as part of the UE context in the eNB. Another possibility is to introduce early capability signaling in RA msg3; however this may be difficult due to the size constraint and limited number of spare bits in msg3.
[bookmark: _Toc462660647][bookmark: _Toc462668017][bookmark: _Toc462668419][bookmark: _Toc462668772][bookmark: _Toc463021167][bookmark: _Toc463021186]The higher data rate features are enabled by the eNB once the UE capabilities are known i.e., after the S1 connection is established and the UE context is retrieved from the MME or, in case of RRC suspend/receive, after the Resume ID is known.
The higher data rate features may require that the UE is notified or re-configured before they are enabled by the eNB. For example, if a new DCI format is introduced the UE may need to be re-configured to not attempt to decode the old and new DCI formats at the same time. Another example is increased bandwidth operation where the UE may need to be re-configured to provide CSI reports for a wider bandwidth.  UE re-configuration can be done using RRCConnectionReconfiguration or RRCConnectionResume (for RRC connection suspend/resume).
[bookmark: _Toc462660648][bookmark: _Toc462668018][bookmark: _Toc462668420][bookmark: _Toc462668773][bookmark: _Toc463021168][bookmark: _Toc463021187]If needed, the UE can be re-configured using RRCConnectionReconfiguration or RRCConnectionResume (for RRC connection suspend/resume) before the higher data rate features are enabled by the eNB.

[bookmark: _Toc463021171][bookmark: _Toc463021190][bookmark: _Toc462660651][bookmark: _Toc462668021][bookmark: _Toc462668423][bookmark: _Toc462668776]Ask RAN1 if any of the higher data rate features require that the UE is notified/re-configured (using e.g. RRCConnectionReconfiguration) before they are enabled by the eNB. 

The figure below illustrates how higher data rate is enabled by the eNB at RRC connection establishment. If re-configuration is required the higher data rate features will be enabled after step 11, i.e. after the UE has confirmed that the re-configuration was successful. Otherwise, the higher data rates will be enabled after step 7, i.e. as soon as the eNB knows the UE capabilities. 



In case of handover the UE capability information is transferred from the source eNB to the target eNB during the handover preparation phase. If the target eNB does not support the higher data rate features it can disable these in the handover command, if needed. The handover command is prepared by the target eNB and forwarded to the UE by the source eNB during the handover execution phase.
Impact on MAC
Besides the changes to TS 36.306 [3] and TS 36.331 [4] described above, there will also be some impact on the MAC specification. So far the only change identified is the HARQ RTT Timer which is affected by the use of HARQ ACK bundling. The other features (increased bandwidth, TBS, #HARQ processes) are not expected to have any impact.
[bookmark: _Toc462660649][bookmark: _Toc462668019][bookmark: _Toc462668421][bookmark: _Toc462668774][bookmark: _Toc463021169][bookmark: _Toc463021188]Except for the HARQ RTT Timer which may require updating if HARQ-ACK bundling is introduced, no impact is expected to the MAC specification.

Conclusion
In this contribution we discussed the RAN2 impact from the Rel-14 FeMTC higher data rate objective. In section 2 we made the following observations:
Observation 1	It is expected that a new UE category (“Cat-M2”) is introduced for Rel-14 BL UEs supporting the larger PUSCH/PDSCH channel bandwidth and max TBS.
Observation 2	A new UE category may need to be defined for TDD/HD-FDD UEs with 6-PRB max channel bandwidth but with maximum UL TBS set to 2984 bits.
Observation 3	Support for 10 DL HARQ processes for FD-FDD UEs and HARQ-ACK bundling for HD-FDD UEs can either be included in the new “Cat-M2” UE category or specified as separate capabilities.
Observation 4	RAN1 has not yet agreed whether support for 10 DL HARQ processes and HARQ-ACK bundling is introduced only for UEs supporting the new larger PDSCH/PUSCH channel bandwidth or also for UEs with 6-PRB channel bandwidth.
Observation 5	Until the UE capabilities are known the eNB considers the UE to be a Cat-M1 UE.
Observation 6	The higher data rate features are enabled by the eNB once the UE capabilities are known i.e., after the S1 connection is established and the UE context is retrieved from the MME or, in case of RRC suspend/receive, after the Resume ID is known.
Observation 7	If needed, the UE can be re-configured using RRCConnectionReconfiguration or RRCConnectionResume (for RRC connection suspend/resume) before the higher data rate features are enabled by the eNB.
Observation 8	Except for the HARQ RTT Timer which may require updating if HARQ-ACK bundling is introduced, no impact is expected to the MAC specification.

Based on the discussion in section 2 we propose the following:
Proposal 1	Wait till RAN1 has progressed further before deciding on which UE categories and capabilities to introduce.
Proposal 2	Ask RAN1 if any of the higher data rate features require that the UE is notified/re-configured (using e.g. RRCConnectionReconfiguration) before they are enabled by the eNB.
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